106

Approved For Release 2001/08/21

Avionics

: CIA-RDP7SBO4747A0()36019{)1%1S4

i -
T

Data dots identify aerial bhotos

Electronic marking system speeds interpretation

of reconnaissance and surveillance film

By William A. Miller
Fairchild Hiller Corp., Bay Shore, N. Y.

More rapid communication of wartime intelligence
has been made possible by an electronic system
that eliminates the time-consuming job of marking
acrial reconnaissance photographs before they can
be interpreted.

Supersonic RF-4C reconnaissance planes, streak-
ing overhead, photograph Viet Cong convoys on
the road from Hanoi to South Vietnam, military
installations, troop movements and target areas.
With six cameras aboard and each camera taking
up to 12 pictures every second, a single plane
sometimes returns from a mission with more than
4,000 pictures for every minute over the target.
But before intelligence officers can study a picture,
it must be identified; each frame. correlated with
the mission profile and marked with pertinent in-
formation. That job now is performed, simultane-
ously with the picture taking, by an airborne sys-
tem developed by the Fairchild Hiller Corp.

The auxiliary data annotation sct, ADAS, as the
electronics system is called, marks the film with
time, latitude, longitude, spced, barometric and
radar altitude, heading, drift, pitch, roll, date, sortie
number, detachment, radar mode, corrclation
counter, sensor or station identification, and photo-
graphing unit. The ADAS annotation system is
flexible; it can be used to mark the film records of
side-looking radars, infrared scanncrs, or any other
systems that produce film records of their findings.

The author

William A. Miller, a staff
consultant at the Electronic
Systems division specializes in
radar ranging, wide-band data
link and satellite navigational
systems. In addition to the
design of the auxiliary data
annotation set, he is also engaged
in special design work on
high-resolution facsimile, and
optical systems.
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The ADAS airborne system is made up of one
major assembly, the auxiliary data translator unit;
several smaller subsystems and up to nine record-
ing hcad assemblies that annotate the film of
each sensor. A tenth recording head assembly is
part of a test unit in the aircraft cockpit.

The auxiliary data translator unit contains both
logic and power supply modules; it takes the mis-
sion profile data (latitude and longitude from the
inertial guidance equipment, altitude from the al-
timeter, and so on) and translates it into a form
that will drive the recording head assemblics. Some
of the input to the logic modules is provided by
a programed card assembly, which carries fixed
data, such as date, sortic number, and so on. This
assembly is inserted into the translator unit im-
mediately before takcoff. A special timer is also
used to set the translator’s digital clock to the
time of day.

Each rccording head assembly contains a cath-
ode-ray tube magnetically shiclded and potted
inside a 4% x 1% inch cylindrical mount. The
assembly is mounted on the film recorder of each
camera, radar or infrared scanner where together
with a special lens system, it projects the data dis-
play onto a previously assigned area of the recon-
naissance film. Because the film sensitivity at each
of the recording stations varies, the brightness of
the spot of the crt must also vary; this is auto-
matically controlled by the programed card in
the translator unit.

Producing the pattern

Data is projected onto the sensor film in what
is called an cxcess-three binary-coded-decimal data
format (-3 BCD). Because this format has the
advantage of high data density, less film area is
required for data annotation. Two subsystems arc
required to produce the crt’s data raster: a deflec-
tion-control subsystem, which generates vertical
and horizontal sweep voltages for the crt’s in the
recording hcad assemblies; and the unblanking
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Supermode laser spectrum. The spectrum is essentially
that of a monochromatic signal. The scale for this
photograph is the same as those for the preceding
sequence of laser spectra on page 103.

mode spacing, then Av would be zero and T would
be infinite. At that operating point, the output no
longer resembles an f-m signal; instead, all the
modes would oscillate in phase and have a nearly
Gaussian distribution of amplitude. This output cor-
responds to train of very narrow pulses with a
repctition rate corresponding to the frequency sepa-
ration of the modes.®

One very interesting property of the f-m signal
is that it produces no beat signal when detected
on a square-law photodetector. This is casily seen
if the photocurrent intensity is considered propor-
tional to the square of the clectric field. Then
I « I cos? (wct + F cos wnt)

E.z2 1+ 9952,(3’“2_{" T cos wat) 4

R

B | L cos? (wet + T eos wat)
2 2

The second term represents frequencies of approxi-
mately 10" c¢ps and therefore will not be detected.
This is due to the fact that the photodetector re-
sponds only to amplilude variations, whereas the
f-m signal has, by delinition, a constant amplitude.
The photocurrent will just be an average d-c¢ current
proportional to the f-m laser intensity. This phe-
nomenon is in sharp contrast to the case of the
free-running laser, from which there are generally
random components of the photocurrent at mul-
tiples of the frequency spacing between modes.
(For a onc-mcter He-Ne laser. the photocurrent
will contain frequencies at approximately 150 Me,
300 Mc, and so on, up to about one gigacycle.)

The supermode laser

The supermode laser, diagrammed on the op-
posite page, is an extension of the [-n laser, which
uses the controlled spectral output to produce a
single frequency.? The output of the f-m laser is
passed through a sccond KDP phase modulator.
Since the f-m laser output can be written as
Ii = 1 ecos (wt + T cos.wmt) (5)
then the output of the external phase modulator
{which is driven at the same frequency as the
modulation frequency of the F-m laser) is
I = I cos [wt+T cos wml +Icos (wat+®)] (6

where T is the modulation index of the external
modulator and ¢ is the difference in phase between
the twe modulations. When T is made equal to T
and ¢ is 180°, then (6) reduces to
E =E,cos w.t N
This is a monochromatic signal at a frequency
near the center of the original free-running spec-
trum and is shown in the figure at the left. Briefly,
the supermode laser produces a single-frequency
output by first controlling the frec-running modes
in a specific manner through the f-m laser tech-
niques, and then converting this controlled signal
to a single frequency.

Power and control

In principle, ncither approach—f-m or super-
mode—reduces the laser’s output power. For the
f-m laser, the only significant losses are in the
internal modulator, and these losses can be made
very low. The f-m laser has produced outputs of
about two milliwatts; the supermode extension
has produced onc milliwatt.

Both techniques control the relative amplitudes
and phases of the laser modes—not the absolute
frequency of the output. The central frequency of
the f-m spectrum will drift as the dimensions

of the optical cavity undergo thermal changes. A

change in length by half a wavelength will result
in a frequency shift of the whole spectrum by
about 150 Mc for a onc-meter laser. This is a very
important problem, and scveral solutions are pres-
ently being studied.

Because the full power of the laser remains
available, and cxcellent spectral control is pos-
sible, f-m and supermode lascrs are potentially
applicable to information-carrying, spectroscopy
and holography. The experimental work was done
with a gas laser, but the methods are now being
applicd to solid crystal lasers.
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+ S N : control svstenn that supplies @ sequence of intensi-
' fication pulses to the ert to turn the beam on. These
unblunking pulses must be supplied in various
widths to assure optimumn exposure on dilferent
tvpes of sensor filis. It is the combination of
deflection and unblanking control signals. synchro-
nized. that produces the data raster.

The  deflection-control  circuits  simultaneously
generate column, line and section gating pulses,
which are combined in o digital-to-analog  con-
verter to produce two sets of staircase waveforms,
One set is used for the ert horizontal defleetion
voltage, and the other for vertical deflection. Sup-
plving these two deflection voltages produces the
sequential stepping of the electronic beam to every
dot location in the data matrix,

Counters move the dot

Data is scauned first by line, by scetion, and
finally bv major colimn. A minor column is a
row of vertical dots. Six minor columns make up
a major colunm. and 16 lines. six minor columns
wide make up a seetion. This arrangement is shown
on page 108, Column. line and scction counters are
the framework of the deflection-control cireuitry,

Frequency-divider networks and a master oscil-
lator position the dot in the data matrix. The minor
column is produced when the output from  the
naster oscillator passes throngh o divide-by-six
network. This network’s Tast flip-flop triggers a line
counter and moves the dot one minor column over,

The crvstal-controlled clock (naster oscillator),
which operates at a frequencey of 7411 kiloeyveles,
also drives a divide-by-32 counter that triggers the
minor column through a retrace control cirenit.
This circuit simply counts the number of steps in
the deflection vollages so that at the end of a
column the time for one step is reserved for eirenit
(=-32 counter) settling. This gives the cert beam
one whole dot period to retrace {rom the bottom
line of the display back to the top. The retrace
control circuit also suppresses the trigger to the
column counter for one count and simultancously
produces a blunking pulse. which inhibits the dis-
play during this time. A trigger from the section
counter initiates the retrace action,

For proper ASA scttings. dot exposure at the
five different reconnaissance camera stations s
varied by changing the width of the gating pulse
which controls the dot display period. This con-
trol of the gating (unblunking) pulse is accom-
plished in the auxiliary data translation unit by
combining, in a diode matrix, outputs from the same
chain of flip-flops that make up the initial divide-
by-32 counter in the deflection control circuitry.

Seven levels of exposure are available: the high-
est is achicved by allowing a dot to be displayed

‘ Aerial reconnaissance photograph shows the ADAS display
at upper left. The high data-density format permits
recording the maximum amount of reconnaissance
information in a minimum area of sensor film.
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Medical electronics

Electronic detours

of broken nerve paths

Paralysis is often caused by a ‘washout’ in a neural road
from the brain to a muscle. Researchers are testing an
alternate route via another muscle and an electronic stimulator

By Luiji Vodovnik and William D. McLeod

Case Institute of Technology, Cleveland

A recent lunch was one of the most dramatic
events of Edward Roszak’s life. Trailing wires and
wearing thick-rimmed glasses attached to clec-
trodes and more wires, he was wheeled over to a
table and he began to feed himself, To casual on-
lookers at Highland View Hospital in Cleveland, it
scemed a slow, cumbersome way to eat. But they
were unaware that three years before it had
scemed unlikely that Roszak would ever usc his
arms or legs again,

The patient looked down, and his once-uscless
right arm reached out over the table. He moved his
hcad again, and the arm descended slowly upon a
spoon. Hc shrugged onc shoulder, and his fingers
grasped the spoon; then his arm moved it, first to
the food, then to his mouth.

This meal, repeated several times a week, was
a test of an arm-aid developed by Highland View
and the Case Institute of Technology. After they
analyze Roszak’s use of the arm, the researchers
expect to develop a device for commercial use.

As with many paralytics, this patient’s muscles
arc undamaged. His troublc is that his nerve cir-
cuits are not conducting commands from his brain
to certain muscles. Now, aided by an electronic sys-
tem that bypasses the damaged nerve, this man can
use a shoulder muscle to generate clectrical signals
that cause a hand muscle to contract.

The authors

William McLeod is assistant director of the Cybernetic
Systems Group at Case’s Engineering Design Center.
He received his bachelor’s and master's degrees from
the University of Toronto.

After spending a year as a research associate

with the Cybernetics System group at Case,

Luiji Vodovnik returned to his native Yugoslavia

as an assistant professor at the University of Ljubljana,

The system, still being developed at the Case
Institute of Technology, is believed to be the first
to use one muscle to activate another whose neural
link with the brain is broken. Although Case’s
experiments have been limited to restoring motion
in an arm, the researchers are confident that their
approach will also work on other extremities.!

The six arm movements

The patient’s glasses are not ordinary spectacles.
Their frame holds a small arc lamp that activates
photocells in the table top. Over each eyebrow is
taped a single-pole double-throw switch.

By moving his head to aim the arc light at the
proper photocell, the patient can select a program
from the few that have been stored on magnetic
tape. These programs control the rotation of the
shoulder and of the upper arm, the movement of
both toward and away from the body, the bending
of the clbow, and the twisting of the wrist. By
winking or blinking, he triggers a switch over an
eycbrow, thereby overriding the tape to stop a
movement before it is completed—for example,
when the hand comes down upon an egg, it is
advisable to stop its downward movement as soon
as contact is made.

For the sixth movement, grasping, the research-
ers have developed a way to bypass a break in the
neural circuit, allowing the hand-clenching muscle
to be operated by electrical signals from the pati-
ent’s shoulder on command from the brain.

In a healthy body, the five gross motions are con-
trolled semiconsciously from a “program” in the
brain; conscious control is required only for clench-
ing, which requires feedback to the brain.

For the gross motions the Case system, like
other electronic methods of reactivating useless
limbs, uses external power—in this case, fluid
power from carbon dioxide. But to drive the hand-
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for almost the tall time of a linear colimn count—
39 nicroscconds. For the lowest exposure fevel,
the dot is displaved for about two microseeonds.

Serew phigs inserted in the fived-data card seleet
the exposure levels, The pulse that regulates the
exposure is passed by an AND gate m the nnblank-
ing amplificr to control the data “on™ time.

o the recording head assemblies at sensor sta-
tions  other  than  photographic  reconnaissance
cameras. cirenitry integrally potted with the crt
provides proper spot focus and intensity control,
vdditional diode circuitry is used tor d-o restara-
tion and amplitude clipping ot the unblanking
pulse, This enables the ort to have a light autput
pmlse whose peak intensity is independent of un-
blanking pulse lenaths,

More needed

The ADAS is onlv part of the solution to the
sroblem ol Tast interpretation ob reconnaissance
and surveillance photoraphs. Bottlenecks still oc-
cur becanse the photographs and their annotation
amst be subjected to human analysis. The Air
Foree. at its Rome Air Development Center and
Wright-Patterson Air Force Base, is studyving svs-
temts that will mechanize and speed ap interpreta-
fion of military intellicence. One approach com-
hines a central data recorder and ADAS o that
once the mission profile data s stored on magnetic
tape. it can be computer-pracessed to generate in-
telligence information in near real time.

ADAS and data recorders

The armed services are making extensive use of the
antomatic data annetation system, ADAS, to iden-
tify reconnaissance film but they still have to use
optical techniques for information readout. fecently,
the Rome Air Development Center awarded the first
of several contracts for ventral data recorders and
ather automatic film-processing equipment. Bids are
now being submitted on a contract for similar equip-
ment for the Acronautical Systems division at
Wright-Patterson Air Foree Base.

The central data recorders will be used with real-
time computers. An airborne ADAS would feed mis-
swn-profile duta to the recorder; the inlormation
would be buffered. processed, and stored on record-
ing tape. After the plane linded. the recorder’s
memory bank would [eed the profile information to
a vomputer. ‘The computer could then drive a chart
or map to plot the course the pline had followed.

Since all the target's coordinates would be stored
in the computer’'s memory. intefligence officers who
interpret photos could almost instantly spot a target
of interest. By proper interrogation of the computer,
thev could constantly update or compare turget data.

The Armv is also investigating methods of auto-
matically interpreting surveillance photos. According
to one Army spokesman, the most urgenl require-
ment in the surveillance program is an  auto-
mated imagerv interpretation system that can pick
out targets such as tanks, guns, launchers, supply
dumps, and so forth without human intervention.
Additionally, they want the autematic system to be
uble to review specific areas to pick out {rames in
which changes have occurred. W.JE.

Three-man photo-intelligence team at work
inside a reconnaissance data-reduction
shelter. The ADAS lightens their work load.

Recording head assemblies and a panoramic-camera
reconnaissance system are being mounted in the nose
of a supersonic RF-4C reconnaissance aircraft.

Compact assemblies make up the auxiliary data
annotation set (ADAS). The special recording head
assemblies are in the foreground; behind them (left to
right), is the cockpit test display unit, time insertion
umit. and the auxiliary data transiator unit.
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